Patho-physiological Aspects As one might suppose, the patho-physiological aspects of this question are quite diversified and complex. Hoffheinz's approach to this phase of the subject has done much to integrate the symptomcomplex of fat embolism.
One might well turn to physico-dynamics in an endeavor to explain the cause of impaction of fat particles. In his monograph Beneke states that the cohesive force of fat particles determines largely the viscosity of the blood. This cohesive force may be sufficiently pronounced to resist effectively the opposing force which is normally available. It is also generally believed that the walls of capillary vessels fail to yield to fat and so actually invite the state of impaction. Zangger laid much stress on the membrane of fat droplets which tends to limit their deformation or malleability. On the contrary, freshly introduced droplets of fatty acids are easily distorted and may, therefore, be readily propelled through capillary lumina. While studying the influence of fat on the viscosity of the blood, Bissell noted that the addition of 10 per cent fat to the blood increased its viscosity 200 per cent. Gauss added olive-oil' to citrated blood and arrived at much the same result. Schade has advanced a somewhat more plausible explanation for the tendency for impaction. His ingenious method of approach is worthy of comment.
First of all, certain premises must be established in order to appreciate his work. It is generally recognized that the surface tension between the limiting membranes of two non-miscible substances is such that each respective membrane tends to diminish in circumference. In so doing the affected particles take on a globular form, and thus the greatest volume with the smallest possible surface is obtained. And so, when two non-miscible substances are mixed to form an emulsion they assume small globular contours. Each attempt at deformation results in an increase of surface area, to which end energy must be expended. The surface tension in-* (Continued from page 91, No. 1, Vol. 8.) creases with the diminution in size of the spherical forms. The two conditions which must necessarily be present in order to promote a change in shape of the particles are, first, an effective propelling force and, second, a vessel lumen whose diameter is smaller than that of the particle. The degree of elongation is dependent on the difference in diameters between the fat globules and vessel lumen and the force of the heart. In becoming elongated, more surface is exposed, and the cohesive forces between the wall of the blood vessel and the fat droplet become accentuated. Therefore, the strength of the heart being often incapable of overcoming these forces, the state of impaction promptly results.
The damage produced by fat embolism is almost invariably that which is associated with mechanical occlusion of nutrient blood vessels. However, some observers have adhered obstinately to a toxico-chemical view. Magendie ascribed to fat the ability to destroy red blood cells. Altdorfer believed that the injection of oil exerted a deleterious effect on these cells. The fairly recent studies of Paul and Windholz tend to support the idea that foreign fat is toxic. In animals dying suddenly after the assault, these workers were able to demonstrate in the spleen rich masses of blood pigment, coarsely ferruginous in nature. The greatest share was found in the endothelial cells of the sinuses, and with Scharlach R stain it took on a peculiar black color. This evidence of a "highgrade destruction of red cells" was attributed by them to a hemotoxic activity on the part of certain fat soaps. One must not overlook the fact that in their experiments the fat used was not an autogenous one and, therefore, the toxic element may perfectly well be explained on this basis.
The above evidence is so inconclusive in every detail that attention may well be given to the physiological alterations which result from the mechanical occlusion of blood vessels. The first of importance is naturally that of the circulatory system. Von Bergmann zealously championed the matter of cardiac paralysis. He noted that the right heart was often found dilated with masses of fatcontaining blood, while the left contained poorly oxygenated blood. In this manner, the blood with its numerous fat partides is dammed back into the coronary veins leading to a diminution in nutrient supply to the heart muscle. Others have attributed the condition of cardiac paralysis to embolism of the coronary arteries. Scriba contended that the fat had to be injected rapidly and in great amounts, and that death must needs be sudden to induce demonstrable dilatation of the right heart. Interesting in this respect is his observation that dilatation was lacking in those instances where fat emboli were found in the capillaries of the heart muscle. Fuchsig introduced oil into the pulmonary arteries and produced dilatation of the right side of the heart. Following lethal doses irregular contraction and fibrillation appeared earlier in the left side than in the right. With non-lethal doses the dilatation gradually disappeared but, following a second injection, there developed signs of paralysis of the heart and decompensation. Kojo later confirmed these findings of Fuchsig.
Many roentgenologists have become interested in the cardiac dilatation and have suggested that this condition may serve as an aid to the diagnosis of fat embolism. Killian found a dilated right ventricle on ten occasions and was able to demonstrate embolism with infarction in six instances. He concluded that such complications occur in severe cases and not in those persons whose clinical course is more protracted and in whom the impaction of fat particles in the pulmonary circulation is minimal. Killian, and Payr also, contended that cardiac complications were more characteristic in an already existing state of myocarditis, arteriosclerosis, or like condition. These, as well as certain congenital anomalies suich as coarctation of the aorta, may be considered as exerting an unfavorable influence on the course of the illness.
The next system of importance affected by fat emboli is the pulmonary. Obviously, the question here concerns the degree of embarrassment of the respiratory exchange and its compatibility with life. Fuchsig considered the state of emphysema as an expression of the attempt to compensate for severe limitation of respiratory surface. To him, also, the presence of subpleural hemorrhages pointed to suffocation as the primary cause of death. It is true that the clinical signs are at times in keeping with the degree of involvement of the lungs. There exists some difference of opinion as to the degree of involvement before life is endangered. Lichtheim insisted that three-fourths of the respiratory surface may be involved without any significant respiratory difficulty. Dietrich, by a different approach, claimed the same to be true when two-thirds of the pulmonary arterial system is involved. Both views have received some support. Dietrich insisted that one must keep in mind both the cumulative effect in the lungs and the occasional cyclic involve- Regardless of Scriba's experience, fat embolism is regularly attended by a rise in body temperature. It is perhaps logical to assume that an irritation of the heat-regulating center is the basic factor. Perhaps it is not an expression of irritation but of paralysis, as in severe cerebral hemorrhage. As far as I am aware, the explanation of hyperpyrexia has never been attributed to anything but a contingent factor.
The occasional evidence of shock is fraught with similar difficulty in interpretation. Park and Porter have alluded to the strong resemblance between the condition under discussion and the shock attending surgical procedures. The fall in blood pressure may be pronounced in either case. Porter turned to the vasomotor center as the likely seat for this disturbance, and was able to demonstrate fat emboli in the medullary centers of his dogs. Simonds, after injecting oil intravenously, noted such symptoms of shock as a fall in systolic blood pressure, rapid weak pulse and respirations, subnormal temperature, greater viscosity of the blood, and signs of acidosis. Gold and Loeffler met with symptoms of shock in animals after the intravenous injection of oil. The non-traumatized animals, similarly treated, showed signs merely of asphyxiation. Whatever the answer, actual involvement of medullary centers appears essential for the occurrence of true symptoms of shock.
Hoffheinz has called attention to the association, frequently suggested by older authors, of fat embolism and the diabetic state. Saunders and Hamilton, in 1879, noted in three cases of death following diabetic coma that pulmonary, hepatic, and renal capillaries were richly laden with fat. Because of this they suggested that perhaps coma in diabetes mellitus is the natural outcome of significant occlusion of blood vessels. Others favoring such an opinion were Frazer, Logan, Starr, Fitz, and Ebstein. The first to offer any opposition was Naunyn. He would not concede that the presence of fine nuclear fat could be associated in any way with the occlusion of blood vessels. As previously pointed out, Fischer's efforts, in 1904, had already served to disprove the importance of lipemia in diabetics with respect to embolism. His failure to produce fat embolism even with injections of milk (which represents an emulsification much coarser than that of diabetic lipemia) has definitely settled the question. In apparently high-grade lipemia retinalis, Bantin was unable to detect any visual disturbances.
Winkler waived his opinions after observing fat embolism complicating acidosis in two cases of scoliosis. These patients were excreting large amounts of ammonia in a highly acid urine. The brain showed hyperemia and numerous petechial hemorrhages.
Much Whether functional disturbances in any other organ may play a role in the production of fat embolism in man has not been demonstrated up to the present time. The matter of predisposing constitutional factors has commanded great interest on the part of a few. The reader may recall the discussion relative to the presence of a persistent thymus (Payr) or of a hyperplasia of the lymphatic apparatus (Killian). The latter observer began also to suspect a greater incidence of the condition in question in obese persons. Killian believed that an especially powerful influence may tend more to mobilize fat from fat-rich tissues than from fat-poor ones. Alexander-Katz also found a greater incidence of fat embolism in the corpulent. The question was raised as to whether or not chemical synthesis of body fat has any influence on the origin and course of fat embolism. Burger noted that in old people suffering a moderately severe injury, the degree of embolism which resulted was quite marked. He attributed this characteristic to the rich stores of easily soluble oleic acid in their body fat, and contrasted this with the condition in youths whose fatty tissues are made up largely of insoluble palmitic acid. The fat of the new-born is known to contain 30 per cent of firmly bound fat plus 65 per cent oleic acid. That of the adult contains 10 per cent of the firmly bound fat plus. 86 per cent oleic acid. Killian showed that the embolized fat has many apparent chemical differences from the normal fat found in the lungs, but the significance of these findings has never been explained. One may conclude, however, that the quality of fat plays very little part in influencing the disease process under question.
Clinical Aspects of Fat Embolism
The pathological phase of the subject of multiple fat embolism, in retrospect, may now be fully appreciated. It is not only invaluable in establishing a diagnosis, but it helps in an understanding of the various syndromes which follow, for in the past the diagnosis has been douded. Incidence The frequency with which the condition is met can hardly be decided by the medical internist, the surgeon, or by those physicians who are interested in the work from a legal standpoint. Their cases are few in comparison with those seen by the pathologist. The incidence as reported by several workers is as follows. It is apparent from studying the cases reported in the literature that the greatest incidence of fat embolism follows fractures of the femur, knee joint, ribs, and sternum. Next in order are the cranium, vertebral column, forearms, and the metatarsal bones. Also, the degree of fat embolism appears to be directly dependent upon the severity of the injury.
Up to the present time the reports in the literature on the incidence of fat embolism from surgical clinics appear to be of more value than are reports from other departmental clinics. Of interest is a report from the Freiburg Surgical Clinic, where 70,000 cases were admitted from 1909 to 1929. Fat embolism was found in 12 cases, only ten of which survived. This mortality appears unusually high.
A study of the incidence in respect to age has afforded some interesting observations. There is a characteristic paucity of fat in the bone marrow of infants and youths. The marrow fat of infants shows peculiarities also, in that the less fluid oils, palmitin and stearin, are met with here. There is a relatively small proportion of olein, a fat which becomes fluid at body temperature. As one grows older the cellular bone marrow becomes more fatty and the proportion of olein increases correspondingly. The same thing is true in conditions of prolonged rest of the extremities, and in osteoporotic and rachitic states (Killian, Ceelen and Wimmert). Therefore, in the elderly, a mobilization of liquid fat is more readily incited. Landois never saw a case of fat embolism following fracture before the tenth year of life. Scriba, Carrara, Meek, and Gauss noticed a definite peak in the incidence curve of fat embolism between the ages of 20 and 30. However, this is the age in which fractures are most frequent. Killian noted a second hump in the curve between the ages of 40 and 50. The percentage of fat embolism following fractures was greater in these cases.
Not much can be gained from the study of sex incidence. The fact that conditions of fat embolism have been found more frequently in men is self-explanatory when one considers that males more often suffer severe injuries. Scriba reported a male incidence of 84 per cent. Meek reported 14 deaths from this condition in males among 15 fatal fractures.
Etiology
The special etiology of multiple fat embolism is of a quite varied nature. Trauma to the osseous system naturally heads the list. Of the types of trauma, fracture, particularly of the compound type with involvement of the bone-marrow, is of most importance. The mechanism has already been discussed. Amberg was wont to place great emphasis on pelvic fractures as being particularly prone to embolic complications. He contended that the pelvic veins were especially amenable to the entrance of fat. Alexander-Katz noted that in 133 cases of fat embolism following fractures, only eight cases followed "slight or moderate" pelvic injury. The complication was more apparent if considerable crushing and laceration were present. In such an instance, however, there is necessarily a marked injury to the fatty soft parts.
The feeling has been entertained by many that compound fractures are attended by a slight incidence of fat embolism. This may be explained by the fact that the local tension-factor is reduced to a minimum in compound fractures. In 15,000 cases of gunshot fractures during the late war Jehn rarely saw a case of fat embolism. Scriba's observations, as well as those of others, fail to support this view. Fractures per se, whatever their nature, have been shown by Vogel to be devoid of any danger where the distance of transport is short and manipulations are carried out very soon after the accident.
Many accidents of fat embolism were formerly related to certain orthopedic procedures. The first to be recorded in the literature was that of Liucke, who attempted a resection of a hip-joint in 1888 in a case of "coxitis." He concluded that conditions in this location were quite conducive to complications for two reasons: first, the low operative site provides poor conditions for the outflow of blood; second, an operation on the hip is attended by considerable contusion of proximal tissues. Resections of other joints which have led to fat embolism have been reported (Grohes, Rinnes, Vogts). Chronic inflammatory processes such as tuberculosis are considered particularly hazardous since they tend to induce atrophy of bone with increase of marrow fat. Aberle contended that fat embolism was possible even with osteotomies and wedge-resections of the diaphysis. It is hard to conceive of such a possibility when one considers that such operations are attended by no significant bone destruction. In this respect, the bone-splitting procedures of Kirschner invited much unfavorable criticism. He met his critics only with the claim that he incurred only one complication of fat embolism in 100 operative cases. He contended that it is not the operation per se but the postoperative manipulation which may be at fault. Accidents following amputation procedures have been reported by Schweininger and Reiter.
Other orthopedic procedures which were once attended by serious consequences are those of brisement force and the stretching of contractures. Cases of fat embolism following the former were reported clinically by Colley, Platz, and Payr; and experimentally by Payr, Ahrens, Eberth, Reiner, and Lorenz. Hoffheinz stated that "of all the bloodless orthopedic interferences, brisement force is tainted the most with embolic manifestations." The forcible fracture of bones, surgically, has also been marked with several fatalities from fat embolism. Fortunately, some of these procedures are no longer resorted to in the practice of orthopedics and remain of historical interest only.
Concussion, or jarring of the skeleton without fracture, has been cited as one of the common causes of fat embolism. Ribbert ( 1 894) was the pioneer in this work. One of his medical cases was complicated with this condition and led him to formulate the scheme of percussing the rabbit tibia for periods of one to two minutes. A moderate degree of fat embolism of the lungs was produced in every case. Ribbert strongly believed that this possibility was especially applicable to the elderly. Lubarsch later confirmed Ribbert's findings. Frisch went a step further. He resorted to such' measures as throwing his animals against the wall or letting them fall from great heights. Involvement of the lungs. with fat emboli was found in every instance. Frisch therefore concluded that shocking, not fracture, was the principal cause of this complication. Bergmann stated that the degree of pulmonary embolism in these cases was not marked enough to be of any significance. He placed more emphasis on the bruising force than on the matter of jarring. Beitzke reported a case of a 45-year-old man who fell on his amputated stump and died two days later from fat embolism. The only evidence of injury was that of a slight contusion at the stump extremity. The same fate was met by Ziemke's patient with hebephrenia, who displayed only a slight abdominal contusion. Schultze contended that the "Erschiitterung" factors, to be of significance, must presuppose injury severe enough to cause a tearing away of the marrow from the bone cortex, coupled with a rupture of arteries and veins in an area of increased tension. The marrow in many of these cases showed numerous pea-sized hemorrhages.-If these opinions become substantiated, a revolution in the teaching of orthopedic medicine is inevitable, and many difficulties in diagnosis will be overcome.
Hamilton and Engel both suggested that injury or operation on fatty viscera represent etiological factors of considerable significance. The latter had the opportunity to study a case in which a lacerated liver was complicated by a state of fat embolism. In the cells surrounding the injured site the fat particles were seen leaving the cells and appearing in demonstrable numbers in the adjacent tissue spaces. He was prompted to raise the question whether such masses of fat cannot be liberated from liver cells in amounts sufficient to result in a fatal fat embolism. Rossle and Gr0ndahl, confronted with a contusion in mesenteric fat, noted numerous fat emboli in the hepatic and pulmonary capillaries. Trauma to the internal female genitalia also gives rise to fat emboli on rare occasions. Strauss reported a large quantity of fat in the pelvic lymphatic vessels after operative removal of an ovarian dermoid cyst. Orlandis reported a similar case which showed unmistakable signs of fat embolism. Lubarsch encountered the condition following "panhysterectomy in a very corpulent woman." Maximow produced the complication experimentally by contusing gravid uteri of rabbits. Virchow reported a case of fat embolism due to injury imposed on pelvic fatty tissue by passage of the fetal head through the birth canal. Instances of this condition following injury to other organs are represented below in tabulated form: Gr0ndahl, Olbrycht, Puppe, and Landois have done much work on the subject and have clearly shown that the degree of fat embolism described in cases of burns is usually slight and is of no apparent practical significance. Mulot has described an instance of fat embolism in a patient who had frozen his feet.
Some authors have reported fat embolism complicating purulent infection of bone marrow and other tissues. As early as 1869 Niederstadt reported 64 cases of fat embolism associated with osteomyelitis and periostitis. It is thought that usually a subperiosteali abscess develops under pressure, veins are torn, and free fat droplets are introduced into the blood stream. Hedri, whose observations tend to support this view, contends that lipuria is seen in a large percentage of cases of osteomyelitis and purulent periostitis. Gr0ndahl, Wagner, Fluornoy, and Jolly have also reported evidence which tends to uphold this view. In the treatment of fractures today by early drainage the above opportunities for complications are rarely encountered.
Many instances of multiple fat embolism have been reported complicating various cases of poisoning. Heschle, in 1876, reported one such death following phosphorus poisoning. The middle cerebral artery was entirely ocduded with fat emboli. Corin and Ansioux reported the finding of skin hemorrhages following poisoning by this chemical. Leo, experimenting on animals, demonstrated fat in the venous blood following its ingestion. Puppe and Romonow substantiated these findings by experimental studies and decided that the bone marrow was the source of the offending particles. Other detrimental poisons which have been reported are potassium chlorate, tetrachlormethane, alcohol, carbon monoxide, chloroform, strychnine, tetanus toxin, potassium dichromate, arsphenamine, potassium cyanide, and mercuric chlorideCases have been reported in various metabolic disorders and in other internal disease processes. In a fatal case of pulmonary tuberculosis Egli noted the presence of a blood-fat coagulum in the right ventricle of the heart and a marked degree of fat embolism in the pulmonary capillaries. He assumed that this complication was dependent upon the fatty degeneration of the center of the coagulum extending through to the periphery. Warthin and others have reported numerous instances where disintegrating thrombi on the intima of blood vessels and on the endocardium have led to a state of fat embolism. Huebschmann, among others, highly condemns this as a possible etiological factor. Alexander-Katz advanced a very interesting hypothesis in respect to the association of internal disease with the complication in question. He found pulmonary fat embolism in every case of coronary and generalized arteriosclerosis, "in the meager as well as in the corpulent." Myocardial scars were present in every case. This association has been recognized only indirectly in the past. It is seen fairly regularly, according to Hoffheinz, in persons dying suddenly from circulatory col-187' lapse. It is not unlikely that the "Erschutterung" factor can be applied here as well. Another factor is suggested by the statement of Alexander-Katz that "not only does the extent of fat embolism in general coincide with the degree of degenerative processes in the heart musculature, but also a heart so weakened will succumb readily to a minimal amount of fat emboli."
Reference has been made to the occurrence of fat embolism in pulmonary tuberculosis. It has also been reported attending other chronic pulmonary diseases. The unique case that came under Heitzman's care is worthy of mention. Invasion of the systemic circulation occurred secondary to a gangrenous cavity in the upper lobe of the right lung. The kidney and spleen were found to be involved but the lungs were uncomplicated. Catsaras reported cases following influenzal pneumonia.
As early as 1886 Virchow met with fat embolism in a case of eclampsia. Alexander-Katz observed a similar case, and questioned whether convulsions were due to toxicity attending the illness or to the presence of fat in the cerebral circulation. Among the other forms of internal disease which have been reported in association with fat embolism are nephritis, sepsis, malaria, cholera, hepatitis, phlegmonous gastritis, acute pancreatitis, gout, diabetes, anemias, osteoporosis (cystic cavities filled with fat), rickets, menstrual suppression, sarcoma, and carcinomatosis.
Multiple fat embolism has been noted following the employment of various intravenous oils. Camphor oil appears to be the particular offender. Again, a divergence of opinion exists as to the rationale of this procedure. Le Moignec has observed rich pulmonary deposits of oil, but he never had the occasion to note untoward or fatal signs. Death did not occur until the concentrations reached as high as 0.8 cc. per kilogram of body weight. He concluded that a dosage of 0.1 cc. of 10 per cent camphor oil per kilogram of body weight in man is without any danger. Nandrot injected into a "powerful man" 1.0 cc. of the oil and produced immediate and severe generalized disturbances characterized by coma, epileptiform seizures, cyanosis, and accelerated pulse and respirations. Some improvement was noted after about ten minutes, and the patient was perfectly at ease in one hour. Wohlgemuth, using 1 to 2 cc., met with no physiological disturbances. Complications have been rare since the introduction of water-free camphor oil preparations (Kuper) It becomes quite apparent from the foregoing discussion that the etiological factors are widely diversified. Certain etiologic agents are outstanding, however, and are worthy of serious consideration.
Symptomatology
The attempt to establish a characteristic symptom-complex for fat embolism has undergone an interesting development. Very definite attempts have been made to classify sets of symptoms in respect to the various vital organs. Thus Payr very early alluded to "das Bild der pulmonalen Form." Cerebral, cardiac, and renal complexes have been described. It happens very infrequently that the complexes turn out to be so clear-cut as to merit such precise divisions. Regardless of this there is one characteristic which has proved an invaluable aid in establishing a diagnosis of multiple fat embolism, that of the so-called "free interval." Vance expressed the opinion of many others in stating that "in the majority of cases the degree of fat embolism is slight and occurs much oftener than detected clinically-severe and fatal cases are exceptional." Following the injury there appears to be a rather constant period of well-being for from three to six days before the onset of any symptoms.
It is first necessary for one to appreciate the fact that not all pulmonary emboli need be accompanied by clinical signs. It has been suggested also that a significant amount of fat may be retained in the right ventride. With this chamber as a source, the vessels of the lungs are gradually involved until there is sufficient respiratory surface affected to give clinical signs. The strength of the heart may in itself play a decided r8le in determining, in inverse ratio, the duration of the free interval. Hoffheinz has attractively classified the symptoms as general and those pointing to involvement of the lesser and greater circulations.
The free interval may last only 24 hours. The briefest interval, that of 30 minutes, was reported by Burger; the longest was that noted by Hahn, a matter of nine days. Occasionally, one will meet with a case which is characterized by no free interval. Two such cases were reported by Klapp, one of which proved to have a patent foramen ovale. Godlee's and Williams' cases became comatose within 12 hours without having shown any pulmonary signs. Killian reported a significant free interval of from two hours to several days in 42 of 112 cases. Kockel has stated that cases of death which occur much later than a five-day free interval are most probably due to causes other than fat embolism.
A second fairly constant manifestation is the rise in body temperature. Wagner reported an initial rise which he attributed to the active stage of the process. Older writings taught that an elevated temperature is the rule (Joessel, v. Czerny,; Southam).
Meeh noted a fall in temperature. In Scriba's animal experiments, after the injection of an oil, an initial fall with a return to a normal level in 24 hours was a constant feature. Some of the later researches reported a fall, others a rise in body temperature (Fibich). Wahnkaw concluded from his work that it can be either. It is now generally believed that a lowering of the temperature is the exception rather than the rule (Aberle, Wilms, Klamig, Landois, Killian). The rise is usually very gradual and uninterrupted till death. Some have attributed the pyrexia to irritation or injury of the heat-regulating center, while others cast the blame on the disintegration products of the injured tissues.
In Hahn's cases the free interval was terminated by the appearance of such pulmonary signs as dyspnea, chest pain, cyanosis, cough, acceleration of the pulse, and anxious unrest. Since precordial pain is also often present, embarrassment of cardiac activity may in part account for these signs. Added to them may be an irritating cough not infrequently accompanied by expectoration of a thin, mucoid sputum which is occasionally streaked with blood. The basis for the latter is unquestionably the presence of pulmonary edema and infarcts. Rales may be elicited in these cases. The pulmonary assault not only tends to embarrass respiration but in addition places a great burden on the right heart. The latter, however, if capable of doing so, is quick to respond with increased force and rate of contraction and little circulatory disturbance may be noted clinically. With the first evidence of weakening of the heart, the pulse tension and systolic pressure begin to fall, and the venous pressure begins to rise. Cases have been reported where pulmonary symptoms unexpectedly followed cerebral symptoms. Strauss attributed this finding to a secondary reaction to the foreign fat on the part of the pulmonary tissues.
The brain is usually the first organ to herald the advent of the vagrant fat particles in the greater circulation. Hahn reported an interval of two days between the time of appearance of pulmonary signs and the onset of cerebral manifestations. In at least 33 per cent of the cases which were studied by Strauss, signs of pulmonary involvement were absent. A patent foramen ovale was found in none of these cases. Strauss believed this might signify that the first bit of fat passes smoothly through the pulmonary capillaries. It is not at all improbable that these few unruly particles may set up a vicious cycle in that by irritating the vasomotor center there is caused a secondary dilatation of the pulmonary vessel radicles sufficient to allow increased numbers of fat particles to traverse them with a minimum of pulmonary symptoms. The majority of cases are characterized next by a soporific stage which, in turn, is followed by insomnia, amnesia, disorientation, mild delirium, and stupor (Le Count and Gauss). Coma next ensues, during which there may appear signs of cortical irritation. Elting and Martin attribute these signs to showers of emboli lodging in the cerebral cortex. This irritation may assume the forms of muscle rigidity, tonic and donic convulsions, trismus, flaccidity, and paralysis of the various sphincters (Fluornoy). Convulsions may appear on one side only (Miller, H'amig). Localized symptoms, however, are not the rule (Fluornoy, Aberle and Fuchsig occasionally observed facial paralysis). The chief pyramidal signs may be represented alone by a positive Babinski. The paralysis represents a later stage and probably one of rapid cerebral deterioration. Death is usually heralded by small rapid respirations of the Cheyne-Stokes type, a condition, according to Elting and Martin, possibly due to the involvement by embolic fat of the respiratory center. Signs of increased intracranial pressure are usually absent. The duration of the above symptoms, usually not great, has lasted in some cases as long as four days (Gr0ndahl). Strauss, Killian, and Gr0ndahl have observed that many cases escape the soporific stage and go immediately into a comatose condition. Coma may follow directly the period of somnolence (Strauss). Other atypical appearances of cerebral embolism, such as status epilepticus, were reported by Killian and Zwerg. Death occurred in these cases within 12 hours. Strauss has indicated that a loss of consciousness introducing the cerebral illness forebodes a fatal outcome.
Vomiting is rarely complained of. Elsner reported hematemesis in three cases in which he later found, at postmortem, fat emboli in the blood vessels of the stomach wall.
Although visual disturbance is never incurred (Oppolzer, Miller, v. Czerny, Warthin, Scriba) , Bantin described in a severe case of fat embolism following diabetes mellitus, distinct yellowwhite globules coursing along chocolate-colored retinal veins. These globules, some flattened by the vessel walls, were seen moving in a continuous stream from the periphery to the optic disc, passing quickly over the margin and disappearing in its center. They were no longer visible when the fundi were examined the following morning. Under insulin treatment the various signs cleared up except for a lobular pneumonia which remained unresolved even at the end of three weeks. In the eye grounds of those dogs which met with sudden death, v. Czerny noted numerous hemorrhages surrounded by a pale halo. One would do well to take the viewpoint that negative fundi, though not infrequent, do not speak against the possibility of fat embolism. The absence of a papilloedema speaks more for the latter condition than for head injury.
Signs relating to renal assault, except for lipuria (Scriba) are rarely seen. "Nephritis has never been mentioned as a complication" (Warthin). The question has been raised as to whether or not time is allotted for the development of renal symptoms. Bantin's case showed marked non-protein-nitrogen and creatinin retention. The remarkable recovery in this case displaying such a pronounced creatininemia was probably effected by a sudden release of fat from the glomerular capillaries. If the kidney is perfectly healthy, Gr0ndahl and BUrger took the view that, in the light that not all the capillaries are affected, anuric or uremic symptoms will rarely develop. Paul and Windholz noted uremic coma in a case of fat embolism ten days after a compound-fracture injury.
Attention should be called to the occurrence of the characteristic skin-hemorrhages observed by Benestad, Busch, Wahnkaw, and Killian.
Hoffheinz, quoting Burger, enumerates the several courses that the illness might assume. First, the superacute course which in a few seconds or minutes gives vent to unrest, dyspnea, convulsions, and death. An overwhelming embolic process of the brain is probably at fault, here leading to a disturbance in blood supply to the various neural divisions. Second, there are the acute deaths which, take place within a few hours. In the foreground in this type are such signs as restlessness, air hunger, dyspnea, quickening of the pulse, and stupor. Third, one may meet with a picture that is unquestionably that of cerebral fat embolism. In this instance the onset is quite similar to the preceding but not quite so "stiurmisch."
Death may be delayed for several days. Benestad stated that the cerebral changes are not necessarily fatal. His patients went as far as the stage of restlessness and delirium and then recovered completely. Diagnosis Fat embolism was rarely diagnosed in the past from clinical signs and symptoms alone. The conditions for which it has been mistaken represent quite a variegated lot. Among them have been such states as collapse from shock, commotio cerebri, contusio cerebri, compressio cerebri, hysteria, intracranial hemorrhage or infection, acute or chronic alcoholism, delirium tremens, sun stroke or heat exhaustion, diabetic or uremic coma, capillary bronchitis, and empyema. Le Count and Gauss diagnosed correctly the morbid assault once in 14 cases. As one might suspect, the history of severe injury, particularly that complicated by demonstrable fractures of medullated bones, or a major orthopedic operation, may prove a very invaluable aid. This is particularly true if there ensue signs of pulmonary or cerebral involvement with or without a definite free interval. The presence of the latter practically clinches the diagnosis. As already pointed out, the pulmonary signs may or may not be present. Three of the signs which should prove of diagnostic significance are those of increased pulse rate, acceleration of respiration, and pyrexia. These findings tend to point inevitably to cerebral involvement, but diagnosis based on any one system alone is always hazardous. One might well appreciate, for example, how difficult it may prove to differentiate cerebral fat embolism from intracranial hemorrhage, especially when injuries about the head have been received. A gradual lapse into coma might be interpreted as signifying an increasing intracranial hemorrhage. In a typical case of the latter, other neurological signs characteristic of this Jesion should be present. Increasing stupor (immediately following the injury) and the presence of normal pulse tension speak for a meningeal hemorrhage. A low-tension pulse is seen early in cerebral shock (Corlette). Also favoring cerebral fat embolism are the presence of the free interval and the lack of good pulse tension. The pulse may quicken during the course of the illness, however, and is considered to be an expression of vagus paralysis. The presence of the free interval appears to be the essential finding in making a correct diagnosis of cerebral fat embolism.
Bruns, Melchior and Ribbert have warned that one dare not overlook the fact that pulmonary fat embolism may frequently lead to cerebral symptoms without an actual invasion of the cerebral circulation by the fatty masses. Also, pulmonary embolism in itself, as well as a number of other diseases, may lead to -clouding and even loss of consciousness. Payr has pointed out that consciousness may remain clear until just before death. Again, the pulmonary form may evoke cerebral symptoms solely of disorientation and anxiety of expression with corresponding symptoms of disquietude. This may fit in also with one's knowledge of psychotic states complicating certain acute pulmonary and circulatory affections. Of fundamental importance for the diagnosis of cerebral fat embolism are the symptoms which definitely point to the presence of fat in the extracerebral parts of the greater circulation.
Many confirmatory signs of this condition have appeared in the literature, among which are petechial hemorrhages of the skin, mucous membranes, and conjunctivae; free fat in the sputum and urine; fat droplets in the retinal vessels (Bernhart, Oppenheimer); free fat in the blood (direct determination) and in the spinal fluid (BUrger).
The most important of these accessory manifestations, the significance of which was first pointed out by Benestad in 191 1, is that of the appearance of cutaneous petechiae. Also stressing their diag-nostic importance were Fluornoy, Elting and Martin, Oppenheimer, Corlette, Fromberg, Hommerich, Weimann, Killian, Neubiurger, and Vance. The petechiae tend to appear chiefly on the abdomen, chest, shoulders, and extremities. It may be of diagnostic value that they rarely appear before the third day of the illness (Ribbert, Gr0ndahl). In one of Warthin's cases they appeared as early as 12 hours after the accident. The petechiae do not disappear on pressure.
There has been some divergence of opinion about the diagnostic significance of fat in the urine. Fluornoy, Oppenheimer, Riedel, Scriba, Killian, and Corlette, by careful investigation, have attempted to show that no importance whatever may be ascribed to lipuria in these states. Killian does attribute some importance to a second excretionary phase occurring eight days after the accident. The researches of Burger and of Paul and Windholz tend to ascribe a very essential role to the damaged kidneys in being responsible for the symptomatology incited by the presence of fat emboli in the greater circulation. Strauss feels, on the basis of investigations by Flick and Traum, that their conclusions are in no way justified; Elting and Martin consider lipuria of definite diagnostic valued One must keep in mind that not only may lipuria occ-ur with any severe injury but that it may also be present when no clinical signs of fat embolism are present. From this impression one might conclude that the presence of fat in the urine may be regarded as confirmatory, but its absence does not rule out the possibility of fat embolism.
The diagnostic value of blood-fat determinations has not gained in favor during the past few years. Authors are still divided as to its significance. Flick and Traum, Lehman and Moore, Killian, Nather and Susoni, all concede a rise in blood fat but regard the elevation as within normal physiological limits, and, therefore, of no diagnostic value. Ruckert entertains the same view.
The variation in pupillary reactions in fat embolism makes them of little value diagnostically.
Extra-ocular muscle disturbances show no diagnostic characteristics. Slight abducens paralysis, one-sided ptosis, deviation of direction of vision, and hemianopsia coupled with paraphasia are some of the abnormalities reported.
The presence in the sputum of free droplets of liquid fat and of large phagocytic cells containing fat granules has been considered significant. Warthin ascribed greater importance to this than to lipuria because of his contention that "fat escapes after rupture of pulmonary capillaries before there is any excretion of it by the kidneys." The study of the cerebrospinal fluid in states of multiple fat embolism has been undertaken by many investigators. Lundberg reported a rising cerebrospinal fluid pressure. Having noted about the same degree rise both in severe head injuries and in intracranial hemorrhage, Hoffheinz places little faith in this diagnostic procedure.
What other illnesses must be considered in making a diagnosis of cerebral fat embolism? Strauss answers this question with "all the exo-and endo-toxic implied comatose conditions." Of greater practical and theoretical significance is the condition of shock following severe wounds. In fact, it is essential in this instance too, for one to anticipate the advent of cerebral fat embolism as a complication. Strauss does not consider the opinion tenable which was accepted earlier (Elting and Martin, Porter, Schultze, Siegmund), that shock is nothing other than an expression of fat embolism. Contradicting this view may be cited the following: first, the fact that the occurrence of a high grade of fat embolism is often attended by no symptoms of shock; second, in shock there is a conspicuous absence of the free interval, pyrexia, and coarse clouding of consciousness (Landois). Circulatory collapse may offer some difficulty in diagnosis. This condition is not attended, however, by any cerebral localizing signs. Cerebral fat embolism may be differentiated from traumatic injury to the brain by the presence in the former of a free interval, lack of intracranial-pressure signs (slowing of pulse, choked disc, etc.), the infrequency or absence of vomiting (Melchior). It may be appreciated that in those instances where there exists a combination of cerebral fat embolism and traumatic brain injury, insurmountable difficulty may be encountered. Separation of the two entities is possible if the onset of commotional clouding of consciousness is preceded by a definite free interval and followed by appearances of other signs of fat embolism enumerated above. Many cases of cerebral embolic states in children following orthopedic operations are so difficult to interpret as to defy diagnosis. Other diseases of differential diagnostic importance are those of meningo-vascular syphilis, epidemic encephalitis, and acute cardiac dilatation.
Although many significant points have been presented, one may conclude that an absolutely definite symptom-complex as an aid to diagnosis escapes any attempt at formulation. A careful study of the development of symptoms greatly increases the chance of making a correct diagnosis, particularly if one has the possibilities of multiple fat embolism in mind.
Prognosis Since there is often no common basis on which to work in predicting the outcome in these morbid states, the attempt at prognosticating is almost futile in many cases. However, in those instances where cerebral signs are present, an attempt can be made. By far the greatest number of patients die within the first few days after the appearance of indications of cerebral involvement. Occasionally, however, death is incurred in cases which display few central nervous system signs, and, in contradistinction, others suffering marked cerebral symptoms (complete loss of consciousness with high temperature and convulsions, coarse localizing symptoms) will occasionally survive and enjoy a fairly smooth convalescence. A fatal issue is rare in those instances in which the trauma does not produce death within the first four days. Henschen, Benestad, Dahl and Nelson have reported recoveries from the cerebral form of fat embolism. Strauss, in 89 cases showing all variations of the clinical picture, noted the astoundingly high mortality of 84.3 per cent. He goes even further in intimating that this figure is probably low, in that many cases undoubtedly die without having been diagnosed. One must not be too quick to predict complete recovery as there is always the possibility of undesirable residual disorders of central nervous system origin.
(To be continued.)
